Vibrations induced in accelerator structures can cause particle-beam jitter and alignment difficulties. Sources of these vibrations may include pump oscillations, cooling-water turbulence, and vibrations transmitted through the floor to the accelerator structure.
Introduction
To obtain a database with which to compare theoretical predictions, the natural vibrational frequencies have been measured for the drift-tube-and-girder alignment model of the accelerator test stand (ATS). 
longitudinal (Y-direction), and torsional (C-direction) were derived. In the derivation, the differential equations were linearized by assuming the following: only small displacements were allowed, higher order terms were dropped, a point mass was assumed, and the weight of the DT stem was neglected.
The resulting equation for the frequency in the X-Z directions (see The quantity K is a spring constant that, for a cantilevered beam, can be related to material properties as follows: where E = modulus of elasticity of the DT stem (g/cm s2), I = moment of inertia of the DT stem (cm4), Q = length of DT stem (cm), m = mass of DT body (g), and g = acceleration (cm/s ).
The equation for the natural frequency in the Y-direction (see Fig. 2 Tables I and II shows that, for the lightest DT-body case, the strongest modes are the fundamentals in the transverse and torsional directions. Some of the weaker frequencies observed may be 2nd harmonics of the transverse and torsional vibrations. The 1st harmonics do not appear to be present. The vibration at 845 Hz may be the longitudinal mode. Other frequencies are still unidentified.
For the intermediate-mass case, the transverse mode was still strong; however, the measured torsional mode was weak. Several vibrational frequencies remain unidentified, including a strong resonance at 1160 Hz.
For the heaviest mass case, the transverse mode was still observable, but weak. The torsional mode was not observed. A 500-Hz vibration was common to all three cases; perhaps this was due to a vibration in some part of the model other than the DT body-andstem combination. Also, there was an unidentified strong vibration at 725 Hz. 
Conclusions
Measurements and theoretical predictions for natural vibrational frequencies of a drift tube have been compared for the ATS drift-tube-and--girder alignment model. The theory used to date is only partially successful at predicting the measured vibrational frequencies. In particular, as the DT body mass increases, a strong, unidentified frequency appears that is easy to excite. Clearly, additional theoretical and experimental development is needed. Further theoretical treatment should investigate such factors as the effects of the differential equation linearization, the higher order terms that were dropped, the mass of the drift-tube stem, and the finite versus the point-mass assumption of the drift-tube body-magnet structure.
Several things could be done to minimize the effects of DT vibration:
* DT stems could be stiffened, which would raise the natural frequency and reduce the actual displacement. * DT stem and body configurations should be optimized to minimize flow-induced vibration because of factors such as large coolant flow rates, cavitation, excessive pressure loss, turbulence, flow oscillations and eddies. * Vibration sources should be isolated and minimized to reduce excitation of the measured DT resonant frequencies. By taking all these precautions, vibrational displacements of less than 0.001 in. could be attained.
